In this letter we demonstrate a mapper that enables all waveforms of OFDM with Index Modulation 
I. INTRODUCTION
Look-Up Table ( LUT) is a fundamental technique for the efficient implementation OFDM mappers. In an N-subcarrier OFDM system, the mapper translates N log 2 M bits into N complex baseband samples chosen from an M-ary constellation diagram. To achieve better spectral efficiency (SE), novel physical layer techniques are expected to map more bits in the same amount of spectrum. In this context, index modulation (IM) has gained increasing attention in the literature [1] , [2] . In the OFDM with IM (OFDM-IM) reference design [3] , only k ≤ N subcarriers of the symbol are active, which enables N k symbol waveforms. Each of these waveforms can map p 1 = ⌊log 2 N k ⌋ bits. Further, by modulating the k active subcarriers with a usual M-ary constellation diagram, the same symbol can map more p 2 = k log 2 M bits, yielding a total of m = p 1 + p 2 bits per OFDM-IM symbol.
The selection of the k indexes to activate in the symbol is determined from the p 1 -bit sequence in a DSP step called Index Selector (IxS). The IxS computation can be as efficient as OFDM's mapping if implemented as a 2 p 1 -entry LUT. However, it is consensual in the OFDM-IM literature that an IxS LUT should be employed only for small values of N because its required extra space is considered too much in comparison to OFDM [1] , [2] . Thus, for large N, the OFDM-IM mapper replaces the LUT by the IxS algorithm. However, when the setup that maximizes the OFDM-IM SE gain over OFDM is chosen, i.e., k = N/2 and M = 2 [4] (we refer to as the "ideal setup"), the original IxS algorithm runs in O(N 2 ) time and becomes the most complex DSP block of the entire OFDM-IM transmitter [5] . According to [2] , the IxS computational overhead is the reason why the IM technique is restricted to small parts of the symbol instead of being applied on all N subcarriers. This approach, called subblock partitioning, alleviates the IxS time or space complexity at the penalty of preventing the SE maximization. As far as we know, the computational feasibility of the ideal OFDM-IM setup remains open in the literature.
In this letter we study the asymptotic trade-off between spectral and computational resources (space and time) in the OFDM-IM mapper design. We demonstrate that OFDM-IM requires a Θ(2 N / √ N )-entry LUT to both reduce the IxS time complexity from O(N 2 ) to O(N) and to keep its maximum SE gain over OFDM. Then, we show how both the time complexity reduction and SE maximization can be met by replacing the traditional LUT with the so-called
Pascal's triangle. To the best of our knowledge, this is the first demonstration of an OFDM-IM mapper running in the same time complexity of a 2 p 1 -entry LUT without neither requiring extra exponential space resources nor sacrificing the ideal OFDM-IM SE.
II. OFDM-IM MAPPER SPECTRO-COMPUTATIONAL TRADE-OFFS
To compute the k output indexes from the p 1 = ⌊log 2 N k ⌋ bits of OFDM-IM, one can adopt either a Look-Up Table ( LUT) or the Index Selector (IxS) algorithm [3] . As larger N is adopted, the number of waveforms increases so the OFDM-IM SE improves. However, both the IxS time complexity and the LUT space complexity grows accordingly. Considering the ideal OFDM-IM setup, in the Subsections II-A and II-B we review and analyze the IxS algorithm and derive the asymptotic number of entries of the OFDM-IM LUT, respectively. In the Subsection II-C, we improve the mapper size keeping both the same time complexity of a LUT and the maximal SE.
Next, in the Subsection II-D, we discuss how our theoretical findings relates to the OFDM-IM state of the art.
A. Spectro-Time Trade-Off
The IxS algorithm of OFDM-IM (Alg. 1) is based on the combinatorial number system.
This system tells us that, for every integer X ∈ [0,
. Thus, the k-list of coefficients suffices to uniquely represent X. In the OFDM-IM domain, X is the decimal representation of the p 1 -bit input whereas the coefficients c k , · · · , c 1 are the indexes of the subcarriers that must be active in the symbol to represent the p 1 bits.
Given X, k and N as input, the IxS algorithm computes the list of active subcarriers from c k to c 1 . In its first round, the algorithm determines the value for c k . To this end, it assigns c k with the largest candidate value N − 1 and checks whether of the logic test. Under the ideal OFDM-IM setup, one has to set k = N/2 and the largest possible value of i is k. Therefore, the Algorithm 1 Index Selector (IxS) algorithm of the original OFDM-IM design [3] . Worst-case complexity is worse than IFFT's when the OFDM-IM SE gain over OFDM maximizes. {X, k and N are input parameters. Array c is returned};
end while
end for worst-case complexity of the OFDM-IM IxS algorithm when the maximum SE is allowed is
B. Spectro-Storage Trade-Off
A LUT on all 2 p 1 entries is pointed as an alternative to the IxS algorithm for relatively "small" becomes the so-called central binomial coefficient
From this it follows that the floor function p 1 approaches log 2 (2 N N −0.5 ) = N − 0.5 log 2 N for arbitrarily large N. Proof. An OFDM mapper maps N independent groups of log 2 M bits into N baseband samples. 
C. Spectral Efficiency Maximization under Polynomial Space
With the Lemmas of the Subsection II-B we quantify and relate the spectro-computational In Thm. 1 we show that the Pascal's triangle can provide the OFDM-IM mapping process with 
D. Impact Of Our Findings for The OFDM-IM Literature
Our theoretical findings have direct impact on the OFDM-IM block diagram design. In fact, the ideal OFDM-IM setup has been conjectured as a computational unfeasible task [2] . To reduce the computational overhead, the state of the art either adopts small k [6] or restricts the IM technique to portions of the symbol (rather than on all N subcarriers of the symbol) [1] , [2] .
As far as we know, no prior work adopts the setup under which the SE gain of OFDM-IM over OFDM is maximum.
In [ ⌋ bits. We average T (N) adopting the same infinite-horizon methodology setup of [5] . In Fig. 1, we plot each mapping throughput varying N. As expected, the throughput of the IxS mapper tends to zero for larger N. This happens because the mapper computational complexity overhead grows faster than m as N grows. When the Pascal's triangle LUT assists the IxS algorithm, the computational overhead does not nullify the mapper throughput. To achieve this same asymptotic performance, the current literature [1] , [2] refer to a LUT whose space becomes prohibitive even for small N, as shown in Fig. 2 . Although non-exaustive, this case study confirms our theoretical predictions, ensuring the ideal OFDM-IM mapper is feasible in practice.
IV. CONCLUSION AND FUTURE WORK
In this letter we show that the time complexity of a Look-Up Table ( LUT)-based OFDM-IM mapper can be achieved under polynomial (rather than exponential) space complexity. With this we demonstrate for the first time the theoretical and practical feasibility of the setup that maximizes the spectral efficiency (SE) gain of OFDM-IM over OFDM. By employing the classic Pascal's triangle in place of a traditional LUT, we demonstrate the non-necessity of compromise approaches that prevails in the OFDM-IM literature such as subblock partitioning [1] , [2] and adoption of small k [6] . In such approaches, the maximal SE gain is sacrificed to attenuate the mapping computational complexity. Future work may propose novel mappers to maximize the SE of OFDM-IM variants and spatial modulation systems [7] . Also, other performance indicators can be aggregated to the spectro-computational mapper analysis e.g. Bit-Error Rate [8] .
